The amino acid requirements of Spiroplasma curl, S. floricola, S. melliform, SR-3, brevi and S. apis were determined in a chemically defined medium. Deletion of individual amino acids from an otherwise complete growth medium indicated that of the 20 amino acids tested, 14 were essential for good growth in S. citri, 10 in S. floricola, 10 in S. melliform, 10 in brevi, 7 in S. apis and 14 in SR-3. Asparagine, glutamic acid, glycine, leucine, proline, threonine and valine were essential for good growth for all spiroplasmas tested, but deletion of cysteine and serine had marginal or no significant effect on their growth. Requirements for other amino acids varied from nonessential to essential for growth. The specific growth rate of spiroplasmas was affected by the amino acid composition of the growth medium. For example, the specific growth rate of S. floricola in a medium deficient in threonine was 0.06>< 10-2 hr-', however, the specific growth rate in medium containing 4.8>< 10-2 M amino acid was 4.2>< 10-2 hr-'. Spiroplasmas are nutritionally fastidious microorganisms which, like mycoplasmas, need amino acids for good growth. When additional amounts of different combinations of amino acids and in some cases a supplement of a single amino acid, were added in chemically undefined media, growth was stimulated in some spiroplasmas (1-5). However, these earlier evaluations of amino acid utilization by spiroplasmas in chemically undefined media were made difficult by the composition of complex components, such as PPLO broth that contained a source of free amino acids. Growth studies of spiroplasmas in these media only showed whether amino acids were inhibitory or stimulatory when added. CHANG and CHEN (6) in their recent studies investigated amino acid requirements of two flower spiroplasmas (Spiroplasma floricola and SR-3 spiroplasma) and honeybee spiroplasma (S. melliform) in a chemically defined medium. Amino acids were grouped into 10 combinations based on their structural differences and roles in biosynthesis of sugars. Both flower spiroplasmas grew in any of the amino acid combinations. However, only 4 amino acid groups supported growth of S. melliform.
The purpose of this investigation was to determine the differential amino acid requirements of S. cirri, S. melliform and the flower spiroplasmas S. floricola, SR-3, brevi and S. apis using a chemically defined medium, and to determine the relationship between the specific growth rate of these spiroplasmas and the concentration of amino acids.
MATERIALS AND METHODS
Spiroplasma strains and growth of spiroplasmas. Six spiroplasma strains representing four serogroups were used in this study. S. cirri (ATCC 27665) was obtained from the American Type Culture Collection (ATCC), Rockville, MD, 20852. S. f loricola (strain 23-6, ATCC 9989), SR-3 spiroplasma (ATCC 3095), brevi spiroplasma (ATCC 33474) and S. melliform (strain AS 576, ATCC 29416) were obtained from R. E. Davis (USDA/AR, Beltsville, MD). S. apis (strain PPS1, ATCC 33450) was supplied by R. E. McCoy (University of Florida, Fort Lauderdale, FL).
Stock cultures of flower spiroplasmas and S. melliform were maintained and subcultured in the chemically defined medium (CDM) described by CHANG and CHEN (7). S. cirri was grown in a modified version of CDM designated as CDMA. The lipid components dissolved per liter of CDMA were palmitic acid, 14 mg; oleic acid, 11 mg; cholesterol, 20 mg; 0.1 ml of Tween 40 and 80 and 10 mg each of phospholipids as follows : phosphatidylcholine dipalmitoyl, phosphatidylethanolamine, phosphatidylcholine dimyristoyl, and phosphatidylcholine dioleoyl (Sigma Chemical Company, St Louis, MO). The spiroplasmas were transferred for 8 to 26 passages before initiating growth studies. To prepare the inoculum for each pathogenic and flower spiroplasma, 0.1 ml of 10-2 and 10 dilutions, respectively, of logarithmic phase cultures were transferred to 2-ml aliquots of medium and incubated at 30°C. A chemically defined medium free of sugars and amino acids was used for the inoculum dilution.
Amino acid deletion. The deletion technique was used to determine the differential amino acid requirement. The concentration of twenty amino acids was the same as that in Chang and Chen's chemically defined medium (7). All amino acids were purchased from the United States Biochemical Corporation, Cleveland, OH. Growth titer was determined by counting cells from three day old cultures of S. floricola, SR-3 and brevi; four day old cultures of S. apis; and eight day old cultures of S. melliform and S. cirri. A haemocytometer was used with dark field microscope, as previously described (5). All growth determinations were replicated ten times. The growth yield of each amino acid was determined by subtracting the initial concentration of the spiroplasma from the final growth titer in the log growth phase. The percentage growth yield of spiroplasmas for each amino acid was expressed as a percentage of the growth yield of the control culture, which contained all 20 amino acids (complete control culture).
The effect of amino acid concentration on the specific growth rate. The specific growth rate relationship of spiroplasmas and the concentration of 20 different amino acids was determined as described by STEVENs et al. (5). The specific growth rates were calculated as described elsewhere (8) . The specific growth rate was calculated in the early phase of the logarithmic growth. The assessment of the specific growth rate was determined within two days for S. floricola and brevi, three days for SR-3, four days for S. apis and five days for S. melliform and S. citri. The highest concentration (saturation concentration) or each amino acid except arginine was 32 times that of the concentration of each amino acid in the CDM of CHANG and CHEN (7) and for each amino acid tested one culture contained none of the given amino aeid. The minimum specific growth rate was determined from this culture without the specific amino acid. The highest concentration of arginine was 38>< 102 M. The double reciprocal plots of cysteine (b) and arginine (e) show no relationship to Monod's growth kinetics.
RESULTS

AND DISCUSSION
Amino acid deletion The effect of amino acid deletion on the growth yield of spiroplasmas is shown in Table 1 . An amino acid was considered essential if with deletion the growth yield was depressed to 20 % or less of the yield of the complete control culture (CC). Amino acids are considered to be partially essential if the effect of amino acid deletions on the growth yield varied from 21 to 69 % of the CC yield.
The tests by deletion of individual amino acids from the CC indicated that of the 20 amino acids tested, 14 were essential for good growth in S. citri, 10 in S. floricola, 10 in S. melliform,10 in brevi, 7 in S. apis and 14 in SR-3. Asparagine, glutamic acid, glycine, leucine, proline, threonine and valine were essential for growth in all spiroplasmas tested. Deletion of cysteine and serine had marginal growth yield of at least 70% of that of CC) or no significant effect on growth yield of all spiroplasmas tested. Requirements for other amino acids varied from nonessential to essential for good growth. For example, arginine was nonessential for brevi and S. apis; partially essential for S. melliform, S. floricola, S. citri, and essential for SR-3 spiroplasma.
Results of this amino acid deletion study suggest that for optimum growth, spiroplasmas depend on an external supply of most amino acids. All essential and partially essential amino acids determined from the growth study indicated a low biosynthetic capability of spiroplasmas to synthesize most amino acids. The natural habitat of spiroplasma is an environment that contains amino acids such as hemolymph of insects, phloem of plants and nectar of flowers. Mycoplasmas also have been reported to depend on an external supply of amino acids and have low biosynthetic capability (9, 10) . For example, Mycoplasma mycoides subsp. mycoides in a chemically defined medium (10) was reported to require exogenous supplies of all amino acids, except aspartic acid, cysteine, and glutamic acid.
Results in Table 2 show that the specific growth rate of spiroplasmas was affected by the amino acid composition of the growth medium. Monod (11) showed that the specific growth rate was a function of the substrate concentration that obeys Michaelis-Menten kinetics : µ=,umag[C/KS+ C], where ,u is the specific growth rate at the limiting nutrient concentration (C), rumax is the maximum specific growth rate at saturating concentration of the nutrient and KS is the saturation constant, being equal to the substrate concentration supporting the specific growth rate at 0.5 1umaX. The ratio of the minimum to the maximum specific growth rate of cultures deleted and enriched respectively with a specific essential or partially essential amino acid at the saturation concentration showed that the growth of spiroplasmas was stimulated by the amino acid (Table 2 ). For example, the specific growth rate of S. floricola in a medium deficient in threonine was 0.06 x 10 hr-1, but the specific growth rate in medium containing 4.8 x 10-2 M amino acid was 4.2x 10-2 hr-1.
In general, the specific growth rate of the other microorganisms is affected by the nutrient composition of the growth medium (11, 12) . In spiroplasmas, it has been reported that when arginine was added to a chemically undefined medium inoculated with corn stunt spiroplasma, the specific growth rate increased (5).
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